iny. 



8XC196KD/8XC196KD20 
COMMERCIAL CHMOS MICROCONTROLLER 

87C196KD— 32 Kbytes of On-Chip OTPROM 



16 MHz and 20 MHz Available 

1000 Byte Register RAM 

Register-to-Register Architecture 

28 Interrupt Sources/16 Vectors 

Peripheral Transaction Server 

1.4 lis 16 x 16 Multiply (20 MHz) 

2.4 /as 32/16 Divide (20 MHz) 

Powerdown and Idle Modes 

Five 8-Bit I/O Ports 

16-Bit Watchdog Timer 

Dynamically Configurable 8-Bit or 
16-Bit Buswidth 



Full Duplex Serial Port 
High Speed I/O Subsystem 
16-Bit Timer 

16-Bit Up/Down Counter with Capture 

3 Pulse-Width-Modulated Outputs 

Four 16-Bit Software Timers 

8- or 10-Bit A/D Converter with 
Sample/Hold 



HOLD/HLDA Bus Protocol 

OTP One-Time Programmable Version 



The 8XC196KD 16-bit microcontroller is a high performance member of the MCS®-96 microcontroller family. 
The 8XC196KD is an enhanced 80C196KC device with 1000 bytes RAM, 16 MHz operation and an optional 
32 Kbytes of ROM/EPROM. Intel's CHMOS lll-E process provides a high performance processor along with 
low power consumption. 

The 8XC196KD has a maximum guaranteed frequency of 16 MHz. The 8XC196KD20 has a maximum guaran- 
teed frequency of 20 MHz. Unless otherwise noted, all references to the 8XC196KD also refer to the 
8XC196KD20. 

Four high-speed capture inputs are provided to record times when events occur. Six high-speed outputs are 
available for pulse or waveform generation. The high-speed output can also generate four software timers or 
start an A/D conversion. Events can be based on the timer or up/down counter. 



MCS®-96 is a registered trademark of Intel Corporation. 



Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. June 1992 
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Figure 1. 8XC196KD Block Diagram 



87C196KD ENHANCED FEATURE SET 
OVER THE 87C196KC 

1. The 87C196KD has twice the RAM and twice the 
OTPROM space of the 87C196KC. 

2. The vertical windowing scheme has been extend- 
ed to allow all 1000 bytes of register RAM to be 
windowed into the lower register file. 

3. A CLKOUT disable bit has been added to the 
IOC3 SFR. This can be used to reduce noise in 
systems not requiring the CLKOUT signal. 



IOC3 (OCH HWIN1 READ/WRITE) 



CLKOUT_DIS • 



= T2 EXTERNAL CLOCK 

1 = T2 INTERNAL CLOCK 



= ENABLE CLKOUT 

1 = DISABLE CLKOUT 



2 


PWM. 1 > 


= DISABLE 


3 


PWM.2 ) 


1 » ENABLE 






4 


RSV* 




5 


RSV 




6 


RSV* 




7 


RSV* 
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NOTE: 

•RSV— Reserved bits must be 



Figure 2. 87C196KD New SFR Bit 
(CLKOUT Disable) 



8XC196KD VERTICAL WINDOWING 
MAP 

Table 1. 128-Byte Windows 



Address to 
Remap 


Device 
Series 


WSR Contents 


0380H 


KD 


X001 0111B = 17H 


0300H 


KD 


X001 011 OB = 16H 


0280H 


KD 


X001 0101B = 15H 


0200H 


KD 


X001 0100B = 14H 


0180H 


KC, KD 


X001 0011B = 13H 


0100H 


KC, KD 


X001 001 OB = 12H 


0080H 


KC, KD 


X001 0001 B = 11H 


0000H 


KC, KD 


X001 0000B = 10H 


Window in Lower Register File: 80H-FFH 


Table 2. 64-Byte Windows 


Address to 
Remap 


Device 
Series 


WSR Contents 


03C0H 


KD 


X010 1111B = 2FH 


0380H 


KD 


X010 1110B = 2EH 


0340H 


KD 


X010 1101B = 2DH 


0300H 


KD 


X0101100B = 2CH 


02C0H 


KD 


X010 1011B = 2BH 


0280H 


KD 


X010 1010B = 2AH 


0240H 


KD 


X010 1001B = 29H 


0200H 


KD 


X010 1000B = 28H 


01C0H 


KC; KD 


X0100111B = 27H 


0180H 


KC, KD 


X010 0110B = 26H 


0140H 


KC, KD 


X010 0101B = 25H 


0100H 


KC, KD 


X010 0100B = 24H 


OOCOH 


KC, KD 


X010 0011B = 23H 


0080H 


KC, KD 


X010 0010B = 22H 


0040H 


KC, KD 


X010 0001B = 21 H 


0000H 


KC, KD 


X010 0000B = 20H 



Window in Lower Register File: COH-FFH 



Table 3. 32-Byte Windows 



Address to 
Remap 


Device 
Series 


WSR Contents 


03E0H 


KD 


X101 1111B = 5FH 


03C0H 


KD 


X101 1110B = 5EH 


03A0H 


KD 


X101 1101B = 5DH 


0380H 


KD 


X101 1100B = 5CH 


0360H 


KD 


X101 1011B = 5BH 


0340H 


KD 


X101 101 OB = 5AH 


0320H 


KD 


X101 1001 B = 59H 


0300H 


KD 


X101 1000B = 58H 


02E0H 


KD 


X101 0111B = 57H 


02C0H 


KD 


X101 011 OB = 56H 


02A0H 


KD 


X101 0101B = 55H 


0280H 


KD 


X101 0100B = 54H 


0260H 


KD 


X101 0011B = 53H 


0240H 


KD 


X101 0010B = 52H 


0220H 


KD 


X101 0001 B = 51 H 


0200H 


KD 


X101 0000B = 50H 


01E0H 


KC, KD 


X100 1111B = 4FH 


01C0H 


KC, KD 


X100 1110B = 4EH 


01A0H 


KC, KD 


X100 1101B = 4DH 


0180H 


KC, KD 


X100 1100B = 4CH 


0160H 


KC, KD 


X100 1011B = 4BH 


0140H 


KC, KD 


X100 101 OB = 4AH 


0120H 


KC, KD 


X100 1001B = 49H 


0100H 


KC, KD 


X100 1000B = 48H 


0OE0H 


KC, KD 


X100 0111B = 47H 


OOCOH 


KC, KD 


X1 00 011 OB = 46H 


00A0H 


KC, KD 


X100 0101B = 45H 


0080H 


KC, KD 


X100 0100B = 44H 


0060H 


KC, KD 


X100 0011B = 43H 


0040H 


KC, KD 


X1 00 001 OB = 42H 


0020H 


KC, KD 


X100 0001B = 41 H 


0000H 


KC, KD 


X100 0000B = 40H 



Window in Lower Register File: EOH-FFH 
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PROCESS INFORMATION 

This device is manufactured on PX29.5, a CHMOS 
lll-E process. Additional process and reliability infor- 
mation is available in Intel's Components Quality 
and Reliability Handbook, Order Number 210997. 



Table 4. Thermal Characteristics 



Package 
Type 






PLCC 


35°C/W 


13°C/W 


QFP 


56°C/W 


12-C/W 


SQFP 


TBD 


TBD 



All thermal impedance data is approximate for static air 
conditions at 1W of power dissipation. Values will change 
depending on operation conditions and application. See 
the Intel Packaging Handbook (order number 240800) for a 
description of Intel's thermal impedance test methodology. 



Table 5. 8XC196KD Memory Map 



Description 


Address 


External Memory or I/O 


OFFFFH 

/•*» A AAAI 1 

OAOOOH 


Internal ROM/EPROM or External 
Memory (Determined by EA) 


9FFFH 
2080 H 


Reserved. Must contain FFH. 
(Note o) 


207FH 
205EH 


PTS Vectors 


205DH 
2040H 


Upper Interrupt Vectors 


203FH 
2030H 


ROM/EPROM Security Key 


202FH 
2020H 


Reserved. Must contain FFH. 
(Note 5) 


201 FH 
201 AH 


Reserved. Must Contain 20H 
(Note 5) 


201 9H 


CCB 


201 8H 


Reserved. Must contain FFH. 
(Note b) 


201 7H 
201 4H 


Lower Interrupt Vectors 


201 3H 
2000H 


Port 3 and Port 4 

\Mr\rri A^rnnnnkln find. 

word Addressable Unly 


1FFFH 
1FFEH 


External Memory 


1FFDH 
0400H 


1000 Bytes Register RAM (Note 1) 


03FFH 
001 8H 


CPU SFR's (Notes 1,3) 


001 7H 
0000H 



NOTES: 

1. Code executed in locations 0000H to 03FFH will be 
forced external. 

2. Reserved memory locations must contain 0FFH unless 
noted. 

3. Reserved SFR bit locations must contain 0. 

4. Refer to 8XC196KC for SFR descriptions. 

5. WARNING: Reserved memory locations must not be 
written or read. The contents and/or function of these lo- 
cations may change with future revisions of the device. 
Therefore, a program that relies on one or more of these 
locations may not function properly. 



XXX8XC196KDXX 



Device Spaed: 
No Mork= 16MHz 
20 p 20 MHz 

- K0 Product Fomily 

- CHMOS Technology 



- Program Memory Optio 
7 =EPR0M (Not* 1) 



- Pockago Type Options: 
N = 64-lead PLCC 

S = 80-leod QFP 
SB= BO-lead SQFP 

- Temperature and Burn-in Options: 
No Mark = 0°C - 70°C Ambient with 
Intel Standard Burn-in 

272145-19 



EXAMPLE: N87C1 96KD20 is 68-Lead PLCC 
OTPROM, 20 MHz. 

For complete package dimensional data, refer to the 
Intel Packaging Handbook (Order Number 240800). 



NOTE: 

t . EPROMs are available as One Time Programmable 
(OTPROM) only. 



Figure 3. The 8XC196KD Family Nomenclature 
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8XC1 96KD/8XC 1 96KD20 



ACH5/PMO0E.1/P0.5 C 
ACH4/PM0DE.0/P0.4 C 
ANGND C 

EXTINT/PR0G/P2.2 C 
RESET C 
RXD/PALf /P2. 1 C 
TXD/PVER/P2.0 C 
P1.0 C 
P1.1 C 
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TOP VIEW 
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P3.0/AD0 


□ 


P3.1/AD1 




P3.2/AD2 


□ 


P3.3/AD3 


□ 


P3.4/AD4 


□ 


P3.5/AD5 


□ 


P3.6/AD6 


□ 


P3.7/AD7 


□ 


P4.0/AD8 


□ 


P4.1/AD9 


□ 


P4.2/AD10 


□ 


P4.3/AD1 1 


□ 


P4.4/AD12 




P4.5/AD13 


□ 


P4.6/AD14 


□ 


P4.7/AD15 


□ 


P2.3/T2CLK 



Figure 4. 68-Pin PLCC Package 
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NOTE: 


















N.C. means No Connect (do not 


connect 1 


he 


je pins). 











Figure 5. 80-Pin QFP Package 
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NOTE: 

N.C. means No Connect (do not connect these pins). 



Figure 6. 80-Pin 



7 



int^L 8XC196KD/8XC196KD20 OMF®^YO©M 



PIN DESCRIPTIONS 



Symbol 


Name and Function 


Vcc 


Main supply voltage (5V). 


Voo 

V SS 


ninital rirfi lit nrm inH ffi\iM Thprp arp thrpp Vcc ninQ all nf whinh mi i<?t hp mnnpptpH 

L/ ILJ 1 I d 1 OlllsUllvJIUUIIU IUV lp 1 Md C al v LlliCC OO 1 IIILJOi Uvl II IvuluUi 


Voire 

»REF 


Reifprpnrp v/rtltcinp fnr thp A/D rnnuprtpr Vnrr iq alQn thp ^imnlv vnltanp to thp analon 

ncici ci lists vi/i layc iui 11 10 n/ 1— / oui ivci ici * Hfc2i enow u ic oujjpiy v ui iayc iu n ic ai io'uy 

portion of the A/D converter and the logic used to read Port 0. Must be connected for A/D 
and Port to function. 


ANGND 


Reference ground for the A/D converter. Must be held at nominally the same potential as 

Vss- 


V PP 


Timing pin for the return from powerdown circuit. This pin also supplies the programming 
voltage on the EPROM device. 


XTAL1 


Input of the oscillator inverter and of the internal clock generator. 


XTAL2 


Output of the oscillator inverter. 


CLKOUT 


Output of the internal clock generator. The frequency of CLKOUT is 1 / 2 the oscillator 
frequency. 


RESET 


Rpcpt inniit anri nn£»n Hmin niitniit 
nusci ii i|_»ui eti iu yjy'zjt i ui an I uuijjui. 


BUSWIDTH 


Input for buswidth selection. If CCR bit 1 is a one, this pin selects the bus width for the bus 
cycle in progress. If BUSWIDTH is a 1 , a 1 6-bit bus cycle occurs. If BUSWIDTH is a an 
8-bit cycle occurs. If CCR bit 1 is a 0, the bus is always an 8-bit bus. 


NMI 


A positive transition causes a vector through 203EH. 


INST 


Output high during an external memory read indicates the read is an instruction fetch. INST 
is valid throughout the bus cycle. INST is activated only during external memory accesses 
and output low for a data fetch. 


EA 


Input for memory select (External Access). EA equal high causes memory accesses to 
locations 2000H through 9FFFH to be directed to on-chip ROM/EPROM. EA equal low 
causes accesses to those locations to be directed to off-chip memory. Also used to enter 
programming mode. 


ALE/ADV 


Address Latch Enable or Address Valid output, as selected by CCR. Both pin options 
provide a signal to demultiplex the address from the address/data bus. When the pin is 
ADV, it goes inactive high at the end of the bus cycle. ALE/ADV is activated only during 
external memory accesses. 


RD 


Read signal output to external memory. RD is activated only during external memory reads. 


WR/WRL 


Write and Write Low output to external memory, as selected by the CCR. WR will go low for 
every external write, while WRL will go low only for external writes where an even byte is 
being written. WR/WRL is activated only during external memory writes. 


BHE/WRH 


Bus High Enable or Write High output to external memory, as selected by the CCR. BHE will 
go low for external writes to the high byte of the data bus. WRH will go low for external 
writes where an odd byte is being written. BHE/WRH is activated only during external 
memory writes. 


READY 


Ready input to lengthen external memory cycles, for interfacing to slow or dynamic 
memory, or for bus sharing. When the external memory is not being used, READY has no 
effect. 


HSI 


Inputs to High Speed Input Unit. Four HSI pins are available: HSI.O, HSI.1 , HSI.2 and HSI.3. 
Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. 


HSO 

I 


Outputs from High Speed Output Unit. Six HSO pins are available: HSO.0, HSO.1 , HSO.2, 
HSI.3, HSO.4 and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 
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PIN DESCRIPTIONS (Continued) 



Symbol 



Name and Function 



PortO 



8-bit high impedance input-only port. These pins can be used as digital inputs and/or as 
analog inputs to the on-chip A/D converter. 



Port! 



8-bit quasi-bidirectional I/O port. 



Port 2 



8-bit multi-functional port. All of its pins are shared with other functions in the 80C196KD. 
Pins 2.6 and 2.7 are quasi-bidirectional. 



Ports 3 and 4 



8-bit bidirectional I/O ports with open drain outputs. These pins are shared with the 
multiplexed address/data bus which has strong internal pullups. 



HOLD 



Bus Hold input requesting control of the bus. 



HLDA 



Bus Hold acknowledge output indicating release of the bus. 



BREQ 



Bus Request output activated when the bus controller has a pending external memory 
cycle. 



PMODE 



Determines the EPROM programming mode. 



PACT 



A low signal in Auto Programming mode indicates that programming is in process. A high 
signal indicates programming is complete. 



PALE 



A falling edge in Slave Programming Mode and Auto Configuration Byte Programming 
Mode indicates that ports 3 and 4 contain valid programming address/command 
information (input to slave). 



PROG 



A falling edge in Slave Programming Mode indicates that ports 3 and 4 contain valid 
programming data (input to slave). 



PVER 



A high signal in Slave Programming Mode and Auto Configuration Byte Programming 
Mode indicates the byte programmed correctly. 



CPVER 



Cummulative Program Output Verification. Pin is high if all locations have programmed 
correctly since entering a programming mode. 



AINC 



Auto Increment. Active low input enables the auto increment mode. Auto increment allows 
reading or writing sequential EPROM locations without address transactions across the 
PBUS for each read or write. 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature 

Under Bias -55°Cto + 125°C 

Storage Temperature -65°C to + 1 50°C 

Voltage On Any Pin to Vss 

Except EA and V PP - 0.5V to + 7.0V0 ) 

Voltage from EA or 

V PP to V S s or ANGND -0.5V to + 13.00V 

Power Dissipation 1 .5W< 2 ) 

NOTES: 

1 . This includes V PP and EA on ROM or CPU only devices. 

2. Power dissipation is based on package heat transfer lim- 
itations, not device power consumption. 



NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. It is valid for the devices indicated in 
the revision history. The specifications are subject to 
change without notice. 



* WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex- 
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 



OPERATING CONDITIONS 



Symbol 


Description 


NUn 


Max 


Units 


T A 


Ambient Temperature Under Bias Commercial Temp. 





+ 70 


°C 


Vcc 


Digital Supply Voltage 


4.50 


5.50 


V 


Vref 


Analog Supply Voltage 


4.00 


5.50 


V 


ANGND 


Analog Ground Voltage 


V SS " 0.4 


V SS + 0.4 


vo> 


FOSC 


Oscillator Frequency (8XC196KD) 


8 


16 


MHz 


FOSC 


Oscillator Frequency (8XC196KD20) 


8 


20 


MHz 



NOTE: 

1. ANGND and Vss should be nominally at the same potential. 



DC CHARACTERISTICS (Over Specified Operating Conditions) 



Symbol 


Description 


Min 


Max 


Units 


Test Conditions 


VlL 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage (Note 1) 


0.2 V CC + 1-0 


V C C + 0.5 


V 




Vhys 


Hysteresis on RESET 


300 




mV 


V CC = 5.0V 


V|H1 


Input High Voltage on XTAL 1 


0.7 V CC 


V C C + 0.5 


V 




V|H2 


Input High Voltage on RESET 


2.2 


V CC + 0.5 


V 




Vol 


Output Low Voltage 




0.3 
0.45 
1.5 


V 

V 
V 


l<X = 200 u.A 
lOL = 2.8 mA 
Iol = 7 mA 


VOL1 


Output Low Voltage 

in RESET on P2.5 (Note 2) 




0.8 


V 


Iol = + 0.4 mA 


Voh 


Output High Voltage 
(Standard Outputs) (Note 4) 


V CC " 0.3 
Vcc " 0.7 

v cc - 1.5 




. V 
V 
V 


l H = -200 u.A 
'OH = -3-2 mA 
I h = - 7 mA 


Vqhi 


Output High Voltage 
(Quasi-bidirectional Outputs) 
(Note 3) 


V CC - 0.3 
V CC " 0.7 
V CC " 1-5 




V 
V 
V 


Ioh = -10u.A 
'OH = -30fi-A 
l 0H = -60p.A 
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DC CHARACTERISTICS (Over Specified Operating Conditions) (Continued) 



Symbol 


Description 


Min 


Typ 


Max 


Units 


Test Conditions 


torn 


Logical 1 Output Current in Reset 
on P2.0. Do not exceed this or 
device may enter test modes. 


-0.8 






mA 


V| H = Vcc" 1.5V 




Logical Input Current in Reset 
on P2.0. Maximum current that 
must be sunk by external device 
to ensure test mode entry. 






-12.0 


mA' 


V, N = 0.45V 


t 

MH1 


Logical 1 Input Current. Maximum 
current that external device must 
source to initiate NMI. 






a. onn 
t- ^UU 


i. A 


V|N — £.4V 


lu 


Input Leakage Current (Std. 
Inputs) (Note 5) 






±10 


liA 


< V| N < V cc - 0.3V 


Ilm 


Input Leakage Current (Port 0) 






±3 


fiA 


o < V| N < V REF 


Itl 


1 to Transition Current (QBD 
Pins) 






-650 


ju.A 


V| N = 2.0V 


lit 


Logical Input Current (QBD Pins) 






-70 


jxA 


V| N = 0.45V 


l|L1 


AD Bus in Reset 






-70 


fiA 


V| N = 0.45V 


Ice 


Active Mode Current in Reset 
(8XC196KD) 




65 


75 


mA 


XTAL1 = 16 MHz 

Vcc = Vpp = V REF = 5.5V 


ice 


Active Mode Current in Reset 
(QXC196KD20) 




80 


92 


mA 


XTAL1 = 20 MHz 

V C C = Vpp = Vr E f = 5.5V 


'idle 


Idle Mode Current (8XC196KD) 




17 


25 


mA 


XTAL1 = 16 MHz 

y rr = Vpp = Voce = 5 5V 

• r r *ntr » 


'idle 


Idle Mode Current (8XC196KD20) 




21 


30 


mA 


XTAL1 = 20 MHz 

v C c = Vpp = Vref = 5.5V 


IpD 


Powerdown Mode Current 




8 


15 


fib 


Vcc = Vpp = Vref = 5.5V 


Iref 


A/D Converter Reference Current 




2 


5 


mA 


Vcc = Vpp = Vref = 5.5V 


Rrst 


Reset Pullup Resistor 


6K 




65K 


n 


V CC = 5.5V, V| N = 4.0V 


Cs 


Pin Capacitance (Any Pin to Vgs) 






10 


PF 





NOTES: 

1. All pins except RESET and XTAL1. 

2. Violating these specifications in Reset may cause the part to enter test r 

3. QBD (Quasi-bidirectional) pins include Port 1, P2.6 and P 2.7. 

4. Standard Outputs include ADO- 15, RD, WR, ALE, BHE, INST, HSO pins, PWM/P2.5, CLKOUT, RESET, Ports 3 and 4, 
TXD/P2.0 and RXD (in serial mode 0). The Voh specification is not valid for RESET. Ports 3 and 4 are open-drain outputs. 

5. Standard Inputs include HSI pins, READY, BUSWIDTH, RXD/P2.1, EXTINT/P2.2, T2CLK/P2.3 and T2RST/P2.4. 

6. Maximum current per pin must be externally limited to the following values if Vol is held above 0.45V or Voh is held 
below V cc - 0.7V: 

Iol on Output pins: 1 mA 

Ioh ° n quasi-bidirectional pins: self limiting 

Ioh on Standard Output pins: 10 mA 

7. Maximum current per bus pin (data and control) during normal operation is ±3.2 mA. 

8. During normal (non-transient) conditions the following total current limits apply: 

Port1,P2.6 lou 29 mA I h is self limiting 

HSO, P2.0, RXD, RESET l U 29 mA I h: 26 mA 

lou 1 3 mA Ioh: 1 1 mA 

l U 52 mA I h: 52 mA 

lou 13 mA I h: 13 mA 



P2.5, P2.7, WR, BHE 
AD0-AD15 
RD, ALE, INST-CLKOUT 
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100 




4.0 8.0 12.0 16.0 20.0 



Ice Max = 4.13 x Frequency + 9mA 
ice TyP = 3.50 x Frequency + 9 mA 
Iidle Max = 125 x Frequency + 5 mA 
llDLE TyP = 88 x Frequency + 3 mA 

NOTE: 

Frequencies below 8 MHz are shown for reference only; no testing is performed. 

Figure 7. l C c and I| D le vs Frequency 

AC CHARACTERISTICS 

For use over specified operating conditions. 

Test Conditions: Capacitive load on all pins = 100 pF, Rise and fall times = 10 ns, Fqsc = 16 MHz 



The system must meet these specifications to work with the 80C196KD: 



Symbol 


Description 


Mln 


Max 


Units 


Notes 


T AVYV 


Address Valid to READY Setup 




2 T SC - 68 


ns 




T LLYV 


ALE Low to READY Setup 




ToSC - 70 


ns 


(Note 3) 


t ylyh 


Non READY Time 


No upper limit 


ns 




T CLYX 


READY Hold after CLKOUT Low 





T OSC - 30 


ns 


(Notel) 


T LLYX 


READY Hold after ALE Low 


T OSC - 15 


2 T SC - 40 


ns 


(Notel) 


T AVGV 


Address Valid to Buswidth Setup 




2 T SC - 68 


ns 




T LLGV 


ALE Low to Buswidth Setup 




T OSC _ 60 


ns 


(Note 3) 


TcLGX 


Buswidth Hold after CLKOUT Low 







ns 




T AVDV 


Address Valid to Input Data Valid 




3 T SC - 55 


ns 


(Note 2) 


T RLDV 


RD Active to Input Data Valid 




TOSC - 22 


ns 


(Note 2) 


T CLDV 


CLKOUT Low to Input Data Valid 




T OSC _ 45 


ns 




T RHDZ 


End of RD to Input Data Float 




T OSC 


ns 




Trxdx 


Data Hold after RD Inactive 







ns 





NOTES: 

1. If max is exceeded, additional wait states will occur. 

2. If wait states are used, add 2 T sc * N, where N = number of wait states. 

3. These timings are included for compatibility with older -90 and BH products. They should not be used for newer high- 
speed designs. 



intel- 



Froq (MHz) 

272145-5 
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AC CHARACTERISTICS (Continued) 
For use over specified operating conditions. 

Test Conditions: Capacitive load on all pins = 100 pF, Rise and fall times 
The 80C196KD will meet these specifications: 



10 ns, Fqsc = 16/20 MHz 



Symbol 


Description 


Min 


Max 


Units 


Notes 


FXTAL 


Frequency on XTAL1 (8XC196KD) 


8 


16 


MHz 


(Notel) 


FXTAL 


Frequency on XTAL1 (8XC196KD20) 


8 


20 


MHz 


(Note 1) 


T OSC 


l/FxTAL (8XC196KD) 


62.5 


125 


ns 




TOSC 


I/Fxtal (8XC196KD20) 


50 


125 


ns 




TxHCH 


XTAL1 High to CLKOUT High or Low 


+ 20 


+ 110 


ns 




T CLCL 


CLKOUT Cycle Time 


2T OS C 


ns 




TCHCL 


CLKOUT High Period 


T SC - 10 


TosC+15 


ns 




TCLLH 


CLKOUT Falling Edge to ALE Rising 


-5 


+ 15 


ns 




Tllch 


ALE Falling Edge to CLKOUT Rising 


-20 


+ 15 


ns 




Tlhlh 


ALE Cycle Time 


4TqsC 


ns 


(Note 4) 


T|_HLL 


ALE High Period 


ToSC - 10 


T SC +10 


ns 




Tavll 


Address Setup to ALE Falling Edge 


"•"OSC ~ 15 








Tllax 


Address Hold after ALE Falling Edge 


T SC - 35 




ns 




T LLRL 


ALE Falling Edge to RD Falling Edge 


ToSC - 30 




ns 




Trlcl 


RD Low to CLKOUT Falling Edge 


+ 4 


+ 30 


ns 




Trlrh 


RD Low Period 


ToSC ~ 5 




ns 


(Note 4) 


Trhlh 


RD Rising Edge to ALE Rising Edge 


ToSC 


ToSC + 25 


ns 


(Note 2) 


Trlaz 


RD Low to Address Float 




+ 5 


ns 




T|_LWL 


ALE Falling Edge to WR Falling Edge 


ToSC - 10 




ns 




T CLWL 


CLKOUT Low to WR Falling Edge 





+ 25 


ns 




Tqvwh 


Data Stable to WR Rising Edge 


ToSC " 23 






(Note 4) 


T CHWH 


CLKOUT High to WR Rising Edge 


-5 


+ 15 


ns 




TwLWH 


WR Low Period 


TOSC - 20 




ns 


(Note 4) 


TwHQX 


Data Hold after WR Rising Edge 


TOSC " 25 




ns 




T WHLH 


WR Rising Edge to ALE Rising Edge 


TOSC - 10 


ToSC + 15 


ns 


(Note 2) 


T WHBX 


BHE, INST after WR Rising Edge 


T osc - 10 




ns 




T WHAX 


AD8-1 5 HOLD after WR Rising 


T SC - 30 




ns 


(Note 3) 


TrhBX 


BHE, INST after RD Rising Edge 


ToSC ~ 10 




ns 




Trhax 


AD8- 1 5 HOLD after RD Rising 


ToSC - 25 




ns 


(Note 3) 



NOTES: 

1. Testing performed at 8 MHz. However, the device is static by design and will typically operate below 1 Hz. 

2. Assuming back-to-back bus cycles. 

3. 8-Bit bus only. 

4. If wait states are used, add 2 Tqsc * N, where N = number of wait states. 
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READY Timings (One Wait State) 



XTAL1 



CLKOUT 




4E 



ALE 



READY 



> t — s / s r 



_/ — V 



LHLH * 'OSC 



,'CLYX^ 
(MAX) 



» T LLYX ( MIN >- 



T LLYV L 



<— (MIN) 



T RLRH + 2T 0! 



BUS 



WRITE 



ADDRESS OUT 



i T RLDV + 2T OSC A 

T AVDV + 2T OSC *\ 



J 



ADDRESS OUT 



'WLWH * 'OSC 



J 



T QVWH + 2T OSC 



DATA OUT 



/ — V. 



Buswidth Timings 



ALE 



BUSWIDTH 



h 

BUS — ^ 



[«— T CLGX (MIN) 



v- < 



~s / — — \ / — V 

J — ) 



7 V 
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HOLD/HLDA TIMINGS 



Symbol 



Description 



Min 



Max 



Units 



Notes 



Thvch 



HOLD Setup 



-55 



(Note 1) 



T CLHAL 



CLKOUT Low to HLDA Low 



-15 



+ 15 



T CLBRL 



CLKOUT Low to BREQ Low 



-15 



15 



T HALAZ 



HLDA Low to Address Float 



+ 15 



Thalbz 



HLDA Low to BHE, INST, RD, WR Weakly Driven 



+ 20 



T CLHAH 



CLKOUT Low to HLDA High 



-15 



+ 15 



T CLBRH 



CLKOUT Low to BREQ High 



-15 



+ 15 



Thahax 



HLDA High to Address No Longer Float 



-15 



T HAHBV 



HLDA High to BHE, INST, RD, WR Valid 



-10 



+ 15 



TCLLH 



CLKOUT Low to ALE High 



-5 



+ 15 



ns 



NOTE: 

1 . To guarantee recognition at next clock. 



DC SPECIFICATIONS IN HOLD 



Description 


Min 


Max 


Units 


Weak Pullups on ADV, RTX 
WR, WRL, BHE 


50K 


250K 


V C c = 5.5V, V| N = 0.45V 


Weak Pulldowns on 
ALE, INST 


10K 


50K 


V CC = 5.5V, V, N = 2.4 
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MAXIMUM HOLD LATENCY 



Bus Cycle Type 




Internal Execution 


1 .5 States 


1 6-Bit External Execution 


2.5 States 


8-Bit External Execution 


4.5 States 



EXTERNAL CLOCK DRIVE (8XC196KD) 



Symbol 


Parameter 


Min 


Max 


Units 


1 /TxLXL 


Oscillator Frequency 


8 


16.0 


MHz 


TXLXL 


Oscillator Period 


62.5 


125 


ns 


TxHXX 


High Time 


20 




ns 


T XLXX 


Low Time 


20 




ns 


T XLXH 


Rise Time 




10 


ns 


TxHXL 


Fall Time 




10 


ns 


EXTERNAL CLOCK DRIVE (8XC196KD20 




Symbol 


Parameter 


Min 


Max 


Units 


1 /T XLXL 


Oscillator Frequency 


8 


20.0 


MHz 


TXLXL 


Oscillator Period 


50 


125 


ns 


T XHXX 


High Time 


17 




ns 


T XLXX 


Low Time 


17 




ns 


TXLXH 


Rise Time 




8 


ns 


TxHXL 


Fall Time 




8 


ns 


EXTERNAL CLOCK DRIVE WAVEFORMS 
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EXTERNAL CRYSTAL CONNECTIONS 



EXTERNAL CLOCK CONNECTIONS 



v S sl||- 



C1 


XTAL1 






8XC196KD 




XTAL2 


C2 \ 



' Quartz Crystal or 
Ceramic Resonator 

272145-13 

NOTE: 

Keep oscillator components close to chip and use 
short, direct traces to XTAL1 , XTAL2 and V S s- When 
using ceramic crystals, C1 = 20 pF, C2 = 20 pF. 
When using ceramic resonators consult manufacturer 
tor recommended capacitor values. 



EXTERNAL 
CLOCK INPUT 



"cc 

^4.7K* 



XTAL1 

8XC196KD 

XTAL2 



NOTE: 

•Required if TTL driver used. 
Not needed if CMOS driver is used. 



AC TESTING INPUT, OUTPUT WAVEFORMS 



)45 ZXI>EEE<lXZ 

272145-11 

AC Testing inputs are driven at 2.4V for a Logic "1 " and 0.45V for 
a Logic "0" Timing measurements are made at 2.0V for a Logic 
"1" and 0.8V for a Logic "0". 



FLOAT WAVEFORMS 



v LOA n'0.i: 

v L0AD ■ 
V LOAD -0.15V^ 



TIMING REFERENCE 
POINTS 



V OL +0. 1 5 V 



272145-12 

For Timing Purposes a Port Pin is no Longer Floating when a 
150 mV change from Load Voltage Occurs, and Begins to Float 
when a 150 mV change from the Loaded Voh^Vol Level occurs 
lOL'toH = ±15 mA. 



EXPLANATION OF AC SYMBOLS 

Each symbol is two pairs of letters prefixed by "T" for time. The characters in a pair indicate a signal and its 
condition, respectively. Symbols represent the time between the two signal/condition points. 



Conditions: 

H— High 
L— Low 
V— Valid 

X — No Longer Valid 
Z— Floating 



Signals: 

A — Address 

B— BHE 

C— CLKOUT 

D— DATA 

G— Buswidth 

H— HOLD 



HA— HLDA 



L— ALE/ADV 
BR— BFlEQ 
R— RD 

W— WR/WRH/WRL 
X— XTAL1 
Y— READY 
Q— Data Out 
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AC CHARACTERISTICS— SERIAL PORT— SHIFT REGISTER MODE 
SERIAL PORT TIMING — SHIFT REGISTER MODE (MODE 0) 



Symbol 


Parameter 


Min 


Max 


Units 


T XLXL 


Serial Port Clock Period (BRR :> 8002H) 


6T SC 




ns 


TxLXH 


Serial Port Clock Falling Edge 
to Rising Edge (BRR > 8002H) 


4 ToSC ~ 50 


4T SC +50 


ns 


T XLXL 


Serial Port Clock Period (BRR = 8001 H) 


4T SC 




ns 


TXLXH 


Serial Port Clock Falling Edge 
to Rising Edge (BRR = 8001 H) 


2T SC -50 


2T 0S C +50 


ns 


Tqvxh 


Output Data Valid to Clock Rising Edge 


2 T SC - 50 




ns 


TXHQX 


Output Data Hold after Clock Rising Edge 


2 T SC - 50 




ns 


TXHQV 


Next Output Data Valid after Clock Rising Edge 




2T OS C + 50 


ns 


T DVXH 


Input Data Setup to Clock Rising Edge 


T SC +50 




ns 


TxHDX 


Input Data Hold after Clock Rising Edge 







ns 


TXHQZ 


Last Clock Rising to Output Float 




1 T SC 


ns 



WAVEFORM— SERIAL PORT— SHIFT REGISTER MODE 
SERIAL PORT WAVEFORM— SHIFT REGISTER MODE (MODE 0) 



r*~" T XLXL 








TXD ""U~ ""IT "IS '"IS " 


"i_r ""is 


-l_r 


"IS 




"*l \*~ T XHOX 








* X » > 


( • > 


( > > 
















□QC 






272145-15 
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A to D CHARACTERISTICS 

The A/D converter is ratio-metric, so absolute accuracy is dependent on the accuracy and stability of V REF . 
10-BIT MODE A/D OPERATING CONDITIONS 



Symbol 


Description 


Min 


Max 


Units 


T A 


Ambient Temperature Commercial Temp. 





+ 70 


°C 


Vcc 


Digital Supply Voltage 


4.50 


5.50 


V 


VREF 


Analog Supply Voltage 


4.00 


5.50 


V 


ANGND 


Analog Ground Voltage 


V SS " 0.40 


V C c + 0- 4 


V 


T SAM 


Sample Time 


1.0 




jusd) 


TCONV 


Conversion Time 


10 


20 


fiSd) 


FOSC 


Oscillator Frequency (8XC196KD) 


8.0 


16.0 


MHz 


Pose 


Oscillator Frequency (8XC196KD20) 


8.0 


20.0 


MHz 



NOTE: 

1. The value of AD TIME is selected to meet these specifications. 



10-BIT MODE A/D CHARACTERISTICS (Over Specified Operating Conditions) 



Parameter 


TypicalO) 


Minimum 


Maximum 


Units* 


Notes 


Resolution 




1024 
10 


1024 
10 


Levels 
Bits 




Absolute Error 







±3 


LSBs 




Full Scale Error 


0.25 ± 0.5 






LSBs 




Zero Offset Error 


0.25 ± 0.5 






LSBs 




Non-Linearity 


1.0 ± 2.0 





±3 


LSBs 




Differential Non-Linearity Error 




> -1 


+ 2 


LSBs 




Channel-to-Channel Matching 


±0.1 





±1 


LSBs 




Repeatability 


±0.25 






LSBs 




Temperature Coefficients: 
Offset 
Full Scale 

Differential Non-Linearity 


0.009 
0.009 
0.009 






LSB/°C 
LSB/°C 
LSB/°C 




Off Isolation 




-60 




dB 


2,3 


Feedthrough 


-60 






dB 


2 


Vcc Power Supply Rejection 


-60 






dB 


2 


Input Series Resistance 




750 


1.2K 


a 


4 


Voltage on Analog Input Pin 




ANGND - 0.5 


Vref + 0.5 


V 


5,6 


DC Input Leakage 







±3.0 


jaA 




Sampling Capacitor 


3 






PF 





NOTES: 

"An "LSB" as used here has a value of approxiimately 5 mV. (See Embedded Microcontrollers and Processors Handbook 
for A/D glossary of terms.) 

1 . These values are expected for most parts at 25°C but are not tested or guaranteed. 

2. DC to 100 KHz. 

3. Multiplexer Break-Before-Make is guaranteed. 

4. Resistance from device pin, through internal MUX, to sample capacitor. 

5. These values may be exceeded if the pin current is limited to ± 2 mA. 

6. Applying voltages beyond these specifications will degrade the accuracy of other channels being converted. 

7. All conversions performed with processor in IDLE mode. 
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8-BIT MODE A/D OPERATING CONDITIONS 



Symbol 


Description 


Min 


Max 


Units 


Ta 


Ambient Temperature Commercial Temp. 





+ 70 


"C 


v C c 


Digital Supply Voltage 


4.50 


5.50 


V 


Vref 


Analog Supply Voltage 


4.00 


5.50 


V 


ANGND 


Analog Ground Voltage 


Vss -0.40 


V S s + 0.40 


V 


T SAM 


Sample Time 


1.0 






TcONV 


Conversion Time 


7 


20 


|*S<1) 


FoSC 


Oscillator Frequency (8XC109KD) 


8.0 


16.0 


MHz 


FoSC 


Oscillator Frequency (8XC196KD20) 


8.0 


20.0 


MHz 



NOTE: 

1 . The value of AD TIME is selected to meet these specifications. 



8-BIT MODE A/D CHARACTERISTICS (Over Specified Operating Conditions) 



"di a l licit: i 


Tvnirald) 


Minimi im 
mil iiiiiuiii 


I Via All 1 IUI 1 1 


Units* 


Notes 


Resolution 




256 
8 


256 
8 


Levels 
Bits 




Absolute Error 







±1 


LSBs 




Full Scale Error 


±0.5 






LSBs 




Zero Offset Error 


+ 0.5 






LSBs 




Non-Linearity 







±1 


LSBs 




Differential Non-Linearity Error 




> -1 


+ 1 


LSBs 




Channel-to-Channel Matching 






±1 


LSBs 




Repeatability 


+ 0.25 






LSBs 




Temperature Coefficients: 
Offset 
Full Scale 

Differential Non-Linearity 


0.003 
0.003 
0.003 






LSB/°C 
LSB/°C 
LSB/°C 




Off Isolation 




-60 




dB 


2,3 


Feedthrough 


-60 






dB 


2 


Vcc Power Supply Rejection 


-60 






dB 


2 


Input Series Resistance 




750 


1.2K 


n 


4 


Voltage on Analog Input Pin 




V SS " 0.5 


Vref + 0.5 


V 


5,6 


DC Input Leakage 







±3.0 


jaA 




Sampling Capacitor 


3 






PF 





NOTES: 

•An "LSB" as used here has a value of approximately 20 mV. (See Embedded Microcontrollers and Processors Handbook 
for A/D glossary of terms). 

1 . These values are expected for most parts at 25°C but are not tested or guaranteed. 

2. DC to 100 KHz. 

3. Multiplexer Break-Before-Make is guaranteed. 

4. Resistance from device pin, through internal MUX, to sample capacitor. 

5. These values may be exceeded if pin current is limited to ± 2 mA. 

6. Applying voltages beyond these specifications will degrade the accuracy of other channels being converted. 

7. All conversions performed with processor in IDLE mode. 
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EPROM SPECIFICATIONS 
OPERATING CONDITIONS 



Symbol 


Description 


Min 


Max 


Units 


T, 
1 A 


Amhiont Tc*mnpr^ti irf* Diirinn Pronramminfi 
r\ \ i iui ci i l i c?i 1 ipci aiui c l^ui 1 1 ly ■ ■ uy i ai i u i in ty 


20 


30 


c 


v C c 


Supply Voltage During Programming 


4.5 


5.5 


V(D 


VREF 


Reference Supply Voltage During Programming 


4.5 


5.5 


V( 1 ) 


V PP 


Programming Voltage 


12.25 


12.75 


V(2) 


V E A 


EA Pin Voltage 


12.25 


12.75 


V(2) 


FOSC 


Oscillator Frequency during Auto and Slave 
Mode Programming 


6.0 


8.0 


MHz 


FoSC 


Oscillator Frequency during 
Run-Time Programming (8XC196KD) 


6.0 


16.0 


MHz 


FOSC 


Oscillator Frequency during 

Run-Time Programming (8XC196KD20) 


6.0 


20.0 


MHz 



NOTES: 

1 . Vcc and Vref should nominally be at the same voltage during programming. 

2. Vpp and Vea must never exceed the maximum specification, or the device may be damaged. 

3. V S s and ANGND should nominally be at the same potential (0V). 

4. Load capacitance during Auto and Slave Mode programming = 150 pF. 



AC EPROM PROGRAMMING CHARACTERISTICS (SLAVE MODE) 



Symbol 


Description 


Min 


Max 


Units 


T SHLL 


Reset High to First PALE Low 


1100 




TOSC 


Tlllh 


PALE Pulse Width 


50 




ToSC 


Tavll 


Address Setup Time 







TOSC 


Tllax 


Address Hold Time 


100 




TOSC 


TpLDV 


PROG Low to Word Dump Valid 




50 


TOSC 


TpHDX 


Word Dump Data Hold 




50 


Tosc 


Tdvpl 


Data Setup Time 







ToSC 


TpLDX 


Data Hold Time 


400 




Tosc 


Tp LPH < 1 > 


PROG Pulse Width 


50 




TOSC 


T PHLL 


PROG High to Next PALE Low 


220 




TOSC 


Tlhpl 


PALE High to PROG Low 


220 




T OSC 


T PHPL 


PROG High to Next PROG Low 


220 




TOSC 


T PHIL 


PROG High to AINC Low 







TOSC 


T IUH 


AINC Pulse Width 


240 




TOSC 


T ILVH 


PVER Hold after AlNC Low 


50 




Tosc 


T ILPL 


AINC Low to PROG Low 


170 




T OSC 


TpHVL 


PROG High to PVER Valid 




220 


TOSC 



NOTE: 

1. This specification is for the Word Dump Mode. For programming pulses, use the Modified Quick Pulse Algorithm. 
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DC EPROM PROGRAMMING CHARACTERISTICS 



Symbol 


Description 


Min 


Max 


Units 


Ipp 


Vp P Supply Current (When Programming) 




100 


mA 



NOTE: 

Do not apply V PP until Vcc is stable and within specifications and the oscillator/clock has stabilized or the device may be 
damaged. 



EPROM PROGRAMMING WAVEFORMS 

SLAVE PROGRAMMING MODE DATA PROGRAM MODE WITH SINGLE PROGRAM PULSE 



PORTS 
3/4 



PALE 



— |Q ADDR/COMMAND ^ <T 
T SHLL ► * — T LLAX ►) — «H T [ 



>-< 



ADDR/COMMAND 



T PLPH 



r 



T PHLL * 



NOTE: 

P3.0 must be high ("1") 



8XC1 96KD/8XC1 96KD20 



SLAVE PROGRAMMING MODE IN WORD DUMP WITH AUTO INCREMENT 



RESET 



PORTS 
5/4 



ADDR/COMMAND ^ ^ 



\ r 



PROG 



VER BITS/WD DUMP 



/ < 



ADDR + 2 



VER BITS/WD DUMP 



r 



NOTE: 

P3.0 must be low ("0") 



SLAVE PROGRAMMING MODE TIMING IN DATA PROGRAM WITH REPEATED PROG PULSE AND 
AUTO INCREMENT 



PORTS 
3/4 



ADDR/COMMAND 



a r 



PVER 



"Y 



VALID FOR P1 



- T ILIH — H 

A 
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8XC196KC TO 8XC196KD DESIGN 
CONSIDERATIONS 

1. Memory Map. The 8XC196KD has 1024 bytes of 
RAM/SFRs and 32K of OTPROM. The extra 512 
bytes of RAM reside in locations 0200H to 
03FFH, and the extra 16 Kbytes of OTPROM re- 
side in locations 6000H to 9FFFH. On the 
87C196KC these locations are always external, 
so KC code may have to be modified to run on 
the KD. 

2. The vertical window scheme has been extended 
to include all on-chip RAM. 

3. IOC3.1 controls the CLKOUT signal. This bit must 
be to enable CLKOUT. 

4. The 87C196KD has a different autoprogramming 
algorithm to support 32K of on-chip OTPROM. 



XC196KD ERRATA 

8XC196KD 

None known. 

DATA SHEET REVISION HISTORY 

This data sheet is valid for devices with a "B" at the 
end of the topside tracking number. Data sheets are 
changed as new device information becomes avail- 
able. Verify with your local Intel sales office that you 
have the latest version before finalizing a design or 
ordering devices. 

The following are important differences between the 
272145-001 and 272145-002 data sheets: 

1 . Added 20 MHz specifications. 

2. Added 80-lead SQFP package pinout. 



3. Changed QFP Package JA to 56°C/W from 
42°C/W. 

4. Changed V H ys l ° 300 mV from 150 mV - 

5. Changed Ice Typical specification at 1 6 MHz to 
65 mA from 50 mA. 

6. Changed Ice Maximum specification at 16 MHz 
to 75 mA from 70 mA. 

Changed I^le Typical specification to 17 mA 
from 1 5 mA. 

Changed Iidle Maximum specification to 25 mA 
from 30 mA. 

Changed lpo Typical specification to 8 )u.A from 
15 pA. 

Added Ipp Maximum specification. 
Changed Tcldv Maximum specification to 
Tosc _ 45 from T sc _ 50. 
Changed T LLA x Minimum specification to 
Tosc - 35 from T sc ~ 40. 
Changed Tchwh Minimum specification to -5 
from -10. 

Changed Trhax Minimum specification to 
T OSC _ 25 from Tosc _ 30. 
Changed T H alaz Maximum specification to 
+ 15 from +10. 



7. 

8. 

9. 

10. 
11. 

12. 

13. 

14. 

15. 

16. 

17. 
18. 

19. 
20. 

21. 

22. 
23. 
24. 

25. 



Changed T H albz Maximum specification to 
+ 20 from +15. 

Added Thahbv Maximum specification. 

Changed T S am f ° r 1 0-bit mode to 1 jus from 
3 jus. 

Changed Tsam *° r 8-bit mode to 1 ^s from 2 fis. 
Changed hm test condition to Vin = 2.4V from 
5.5V. 

Changed l|m maximum specification to +200 
juA from +100 jiA. 

Removed NMI from list of standard inputs. 
Updated Ice and Iidle vs frequency graph. 
Updated note under DC EPROM Programming 
Characteristics. 

Changed l L n maximum specification to -12 
mA from -6 mA. 
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NORTH AMERICAN SALES OFFICES 



Intel Com. 

600 Boulevard South 
Suite 104-L 



ARIZONA 

Tlnlel Corp. 
410 North 44lh Street 
Suite 500 
Phoenix 85006 
Tel: (602) 231-0386 
FAX: (602) 244-0446 



tlntel Corp. 

21515 Vanowen Street 

Suite 116 

Canoga Park 91303 
Tel: (618) 704-8500 
FAX: (618) 340-1 144 



a Plaza 

Suite 280C 
Roseville 95678 
Tel: (916) 782 8086 
FAX: (916) 782-8153 

tlntel Corp. 
9665 Chesapeake Dr. 
Suite 325 
San Diego 92123 
Tel: (619) 292-8086 
FAX: (619) 292-0626 

•tlntel Corp. 
400 N. Tustin Avenue 
Suite 450 
Santa Ana 92705 
Tel: (714) 835-9642 
TWX: 910-595-1114 
FAX: (714) 541-9157 

"tlntel Corp. 
San Tomas 4 
2700 San Tomas 
2nd Floor 
Santa Clara 95051 
Tel: (408 ~ 
TWX: 91 

FAX: (408) 727-2620 
COLORADO 

•tlntel Corp. 
600 S. Cherry St. 
Suite 700 
Denver 80222 
Tel: (303) 321-8086 
TWX: 910-931-2289 
FAX; (303) 322-8670 

CONNECTICUT 

tlntel Corp. 

301 Lee Farm Corporate Park 
83 Wooster Heights Rd. 
Danbury 06810 
Tel: (203) 746 3130 
FAX: (203) 794-0339 

FLORIDA 

tlntel Corp. 

800 Fairway Drive 

Suite 160 

Deerfield Beach 33441 
Tel: (305) 421-0506 
FAX: (305) 421-2444 

tlntel Corp. 
5850 T G. Lee Blvd. 
Su9e 340 
Orlando 32822 
Tel: (407) 240-8000 
FAX: (407) 240-8097 



GEORGIA 

tlntel Corp. 

20 Technology Parkway 
Suite 150 
Norcross 30092 
Tel: (404) 449-0541 
FAX: (404) 605-9762 

ILLINOIS 

•tlnlel Corp. 

Woodfield Corp. Center III 
300 N. Martingale Road 
Suite 400 

Schaumburg 60173 
Tel: (708) 605-8031 
FAX: (708) 706-9762 

INDIANA 

tlntel Corp. 

8910 Purdue Road 

Suite 350 

Indianapolis 46268 
Tel: (317) 875-0623 
FAX: (317) 875-8938 

MARYLAND 

•tlnlel Corp. 
10010 Junction Dr. 
Suite 200 

Annapolis Junction 20701 

Tel: (410) 

FAX: (410] 



MASSACHUSETTS 

•tlntel Corp. 
Westford Corp. Center 
5 Carlisle Road 
2nd Floor 
Westford 01886 
Tel: (508) 692 0960 
TWX: 710-343-6333 
FAX: (508) 692-7867 

MICHIGAN 




tlntel Corp. 
3500 W. 80th St. 
Suite 360 

Bloomington 55431 
Tel: (612) 835-6722 
TWX: 910-576-2867 
FAX: (612) 831-6497 



•tlntel Corp. 
Lincroft Office Center 
125 Half Mile Road 
Red Bank 07701 
Tel: (908) 747-2233 
FAX: (908) 747-0983 

NEW YORK 

•Intel Corp. 

850 Crosskeys Office Part 
Fairport 14450 
Tel: (716)425-2750 
TWX: 510-253-7391 
FAX: (716) 223-2561 

•tlntel Corp. 

2950 Express Dr.. South 

Suite 130 

Islands 11722 

Tel: (516) 231-3300 

TWX: 510-227-6236 

FAX: (516) 348-7939 



tlnlel Corp. 

300 Weslage Business Center 

Su^e 230 

Fishkill 12524 

Tel: (914) 897-3860 

FAX: (914) 897-3125 

OHIO 

•tlntel Corp. 

3401 Park Center Drive 

Suite 220 

Dayton 45414 

Tel: (513) 890-5350 

TWX: 810-450-2528 

FAX: (513) 890-8658 

•tlntel Corp. 
25700 Science Park Dr. 
Suite 100 
Beachwood 44122 
Tel: (216) 464-2736 
TWX: 810-427-9298 
FAX: (804) 282-0673 

OKLAHOMA 

Intel Corp. 

6801 N. Broadway 

Suite 115 

Oklahoma City 73162 
Tel: (405) 848-8086 
FAX: (405) 840-9819 

OREGON 

tlntel Corp. 

15254 N.W. Greenbrier Pkwy. 

Building B 

Beaverton 97006 

Tel: (503) 645-8051 

TWX: 910-467-8741 

FAX: (503) 645-8181 

PENNSYLVANIA 

•tlntel Corp. 
925 Harvest Drive 
Suite 200 
Blue Bell 19422 
Tel: (215) 641-1000 
FAX: (215) 641-0785 

'tlnlel Corp. 
400 Penn Center 
Suite 61 
Pittsburgh 15235 
Tel: (412) 823-4970 
FAX: (412) 829-7578 



Blvd. 



PUERTO RICO 

tlntel Corp. 
South Industrial Park 
P.O. Box 910 
Las Piedras 00671 
Tel: (809) 733-8616 

SOUTH CAROLINA 

Intel Corp. 

100 Executive Center Drive 
Suite 109, B183 
Greenville 29615 
Tel: (803) 297-8086 
FAX: (803) 297-3401 

TEXAS 

tlntel Corp 

8911 N. Capital of Texas Hwy. 

Suite 4230 

Austin 78759 

Tel: (512) 794-8086 

FAX: (512)338-9335 

•tlnlel Corp. 

12000 Ford Road 

Su«e4O0 

Dallas 75234 

Tel: (214) 241-8087 

FAX: (214)484-1180 



•tlntel Corp. 
7322 S.W. Freeway 
Suite 1490 
Houslon 77074 
Tel: (713) 988-8086 
TWX: 910-881-2490 
FAX: (713) 9 



UTAH 

tlnlel Corp. 
428 East 6400 South 
Suite 104 
Murray 84107 
Tel: (801) 263-8051 
FAX: (801) 268-1457 



tlnlel Corp. 

2800 156th Avenue S.E 
Suite 105 
Bellevue 98008 
Tel: (206) 643-8086 
FAX: (206) 7 " 



Intel Corp. 
408 N. Mullan Road 
Sute 105 
Spokane 99206 
Tel: (509) 928-8086 
FAX (509) 928-9467 



WISCONSIN 

Intel Corp. 

400 N. Executive Dr. 
Suite 401 
Brookfield 53005 
Tel: (414) 769-2733 
FAX: (414) 789 2746 



CANADA 



Intel Semiconductor of 
Canada, Ltd. 
999 Canada Place 
Suite 404. #11 
Vancouver V6C 3E2 
Tel: (604) 844-2823 
FAX: (604) 844-2813 

ONTARIO 

tlntel Semiconductor ol 

Canada, Ltd. 

2650 Queensview Drive 

Suite 250 

Ottawa K2B 8H6 

Tel: (613) 829-9714 

FAX: (613) 820-5936 

tlntel Semiconductor ol 
Canada. Ltd. 
190Attwell Drive 
Suite 500 



Tel: (416) 675-2105 
FAX: (416) I - 



tlntel Semiconductor of 
Canada, Ltd. 
1 Rue Holiday 
Suite 115 
Tour East 
FT Claire H9R 5N3 
Tel: (514) 694-9130 
FAX: 514-694-0064 



tSales and Service Office 
•Field Application Location 
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